Introduction {#sec1-1}
============

Radiographic imaging is an important adjunct in the assessment of skeletal and dental relationships for the orthodontic patient. Imaging is one of the most ubiquitous tools used by orthodontists to measure and record the size and form of craniofacial structures. It is used to record the status quo of limited or grouped anatomic structures. Despite the diverse image acquisition technologies currently available, standards have been adopted in an effort to balance the anticipated benefits with associated costs and risks. The erroneous assumptions inherent in traditional two dimensional cephalometry questioned the method for deriving clinical information as a basis for planning treatment.\[[@ref1]--[@ref3]\]

The scientific value of these analyses was questioned by Han *et al*.\[[@ref4]\] Vig\[[@ref5]\] doubted the lack of validity that cephalometric radiographs as a diagnostic instrument, and demonstrated that conclusions drawn on the basis of the same cephalograms may vary significantly depending on the analyses used. The cumulative errors associated with traditional two-dimensional cephalometry have been significant enough to affect diagnosis and treatment planning.\[[@ref6]\]

Objective of this study {#sec2-1}
-----------------------

To compare the linear accuracy and reliability of lateral and frontal cephalometric measurements with the direct skull measurements.

Materials and Methods {#sec1-2}
=====================

The sample consisted of 15 dry dentate human skulls from the Department of Anatomy, Mamata Medical College, Khammam.

The skulls were selected from a larger collection according to criteria of reliable and reproducible occlusion, adult age on the basis of a permanent dentition, partial extractions, and presence of at least one molar on either side to maintain the vertical dimension.

The mandible was stabilized to the maxilla on the basis of occlusal interdigitation or at least maximal contact, and condyles seating in the glenoid fossa, and was secured in this position with masking tape. Four landmarks in the midsagittal plane are identified. Each anatomical landmark is marked by a steel ball bearing of 5/32". The operational definitions of the land marks are tabulated in [Table 1](#T1){ref-type="table"}. For all the images in lateral and frontal cephalograms, the teeth are placed in centric occlusion.

###### 

Definition of craniometric surface landmarks used in the cephalometric analysis
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Each skull was placed in the cephalostat (Rotograph Plus MR05, Villa System Medical, Italy) with ear rods in the external auditory meatus. The distance between the film and mid sagittal plane for lateral cephalogram or porionic plane for posteroanterior radiograph is fixed at 15 cm.

To ensure that the Frankfurt plane is parallel to the floor, the skull was secured to the cephalostat with masking tape. Lateral and frontal radiographs were taken simultaneously for each skull. The radiographic settings used were 85 kvp, 15mA, 3s. The radiographs were traced on acetate paper using the same view box and using Staedtler Mars Micro 0.3mm 2H pencil.

Linear measurements were made on the cephalometric tracings, and directly on the skulls for readily measurable distances. The distances measured are tabulated in [Table 2](#T2){ref-type="table"}. The mid sagittal measurements are measured with vernier calliper with least count of 0.01mm

###### 

Definition of linear distances used in the cephalometric analysis
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Statistical methods {#sec2-2}
-------------------

The statistical methods employed for the study are intraclass correlation coefficient, Pearson\'s correlation coefficient, and regression constant.

The intraclass correlation (or the intraclass correlation coefficient, abbreviated ICC) is a descriptive statistic test that can be used when quantitative measurements are made on units that are organized into groups. It describes how strongly units in the same group resemble each other. The most common measure of "correlation" or "predictability" is Pearson\'s coefficient of correlation. Pearson\'s r, as it is often symbolized, can have a value anywhere between -1 and 1. The larger r, ignoring sign, the stronger the association between the two variables and the more accurately one can predict a variable from knowledge of the other variable.

Results {#sec1-3}
=======

Intra examiner reliability was high for frontal (intraclass coefficient 0.938\<r\<0.998) and lateral cephalometric measurements (intraclass Coefficient 0.908\<r\<0.991) \[[Table 3](#T3){ref-type="table"}\]. Highest intraclass correlations were observed for frontal cephalometric measurement *Pt A* -- *Me* (*r* = .998) \[[Figure 1](#F1){ref-type="fig"}\] \[[Table 4](#T4){ref-type="table"}\]. Pearson\'s correlation coefficients were similar to intraclass correlations for most of the measurements \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\] \[[Table 5](#T5){ref-type="table"}\]. High intraclass coefficient indicates near similarity between the means of the two records, whereas high Pearson\'s correlation coefficients reflect variation in direction about the records mean values. All calculations were performed on SPSS (version 14, SPSS, Chicago III).

###### 

Comparison of direct skull and lateral cephalogram measurements
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![Pt A-Me measurements](CCD-3-176-g004){#F1}

###### 

Comparison of direct skull and frontal cephalogram measurements
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![N-Pt A measurements](CCD-3-176-g006){#F2}

![ANS-Me measurements](CCD-3-176-g007){#F3}

###### 

Comparison of frontal and lateral cephalogram measurements
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Discussion {#sec1-4}
==========

The cephalometric images are the 2D interpretation of the 3D structures. In cephalometry, the X-ray source is fixed at a distance of five feet from the mid sagittal plane, and the film is placed at a distance of 15 cm from the mid sagittal plane. The cephalometric image magnification is directly related to the distance between the object and the film. The distance between the source and the object is relatively larger (5 feet) than the object to film distance (15 cm); therefore, the magnification of the anatomical landmarks oriented in all three dimensions of space is minimized. In lateral and frontal cephalograms, many structures overlap as complex 3D structures are projected on a 2D plane. The magnification and distortion inherent to conventional radiography makes it difficult to accurately assess the patient\'s anatomy.\[[@ref7]\] The properly adjusted cephalostat cannot prevent slight translation or rotation of the midsagittal plane. These variations in skull position may lead to variations in cephalometric measurements.\[[@ref8]\] In our study, the linear measurements of the lateral cephalometric record were greater than the corresponding frontal cephalograms. The magnification factor for conventional cephalograms is calculated by the distance between the source and the midsagittal plane of the cephalostat (5 feet or 152.4cm); the distance between the receptor and the midsagittal distance (15 cm).\[[@ref8]\] The magnification factor for the cephalometric machine is 6.84%. Highest distortion was observed with N-ANS \[[Figure 4](#F4){ref-type="fig"}\] measurement. The present data of increased vertical dimensions on lateral cephalograms is in accordance with Chidac,\[[@ref9]\] in which there was an increase of 8.5%. This study correlates with the conclusions of Tng *et al*,\[[@ref10]\] that the distance between the N-Me \[[Figure 5](#F5){ref-type="fig"}\] was invalid.
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Conclusion {#sec1-5}
==========

The linear measurements of the lateral cephalometric record are greater than the corresponding frontal cephalogram measurements. The overall findings of the present study show that the frontal cephalometric measurements are closely related to the direct skull measures.
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